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‘TTSLE. The Constru:tion of Elestrical Networks’ for Integrating 


Difference and Differential Equations 


PERIODICAL: Tavestiya vyssbikb uchebnykh zavedeniy, Elektromekhanika, 
1959. Nr 2, pp 3 - 10 (USSR) 


ABSTRACT: A peculiarity of so-called networks of the first kind is 
‘hat for given boundary conditiens the distribution of 
voltages (currents) in the netwerk is determined only by 
the detailed structure of the modelling system and no 
operatcr intervention is required, This is because the 
original set of equations resembles vary ciosely those of 
the network itself. Where this is not so, as in Eq (1) 
for example. the methed encounters difficulties. For such 
an expression {an algebraic), networks of the second kind 
must be used. A typical instance is a root~solver (Ref 5). 
The present paper examines some theoretical topics and 
illustrates the solutien of comparatively high erder 
equations for various koundary conditions. Figure 1 shows 
ascertain function y(x) and the Simulating network . 
+5 cousisting of a number of voltage dividers. The eas il 
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of the equation t[y(x)] = QO may be found using a_syst. 
like the bleck-diagram cf Figure 2. The block f[y(x) 

is a scalar pro&ct analogue (ACTi in the original or, here, 
SPA) consisting, in the linear case, of ohmic elements and 
described previcusly by the author (Ref 4). The block OC 
iz a feedback device. The entire loop forms a self- 
adjusting system. Suppcse the linear difference squation 
(5) is given and a solution is required for the initial 
conditions of Eq (6). The solution depends on Euler's 
algcrithm cr, what is known in engineering as the method 
cf successive ordinates. Fer the sake of definiteness the 
zcrresponding practical circuit cf Figure 3 assumes n= 2, 


The basic components are: 1) the network y on which 
the yequired functicn yk} 3s found as a result of the 
operations, &) the network yg , setting up the function 


ko: og) the SPA representing bq (5); 4) the null- 
indicater NY “or registering the deviation e(k) in 
(7! for m= 2 3 5) «sommutator K with four sas 


Carda/5 Sentacts. The pretedure is 2s follewa: a) seat up 


See Rare eon Se 
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pik) on yp ; &) set up a ic). ao). a5 (sc) and A 


on the SPA: c) set initial sonditions Yo: ¥y on ¥; 


qd) divider 2 on y is adjusted to give zere-indication 
{this gives ¥, } ; e) the moving contasts on K are 
3 


displaced one stap to the right and aj(l), a, (1), a, (1) 


ars Set on the SPA; £) divider 3 on y is set to restore 
Zero-indication. thus Finding y.,. Operations ¢) and 

f£) are carried out again on dividers 4, 5, 6, .... finding 
Yuya ¥5: 6 a etc. These operations could be automated, 
The use of a digital voltmetec would enable the bulk 

ef y to be reduced. The arrangement also simplifies 

when the coefficients of Eq (5) are constants (independent 
of ik ) . The question of atcuracy requires special 
eonsideration and it is merely stated that the error is 
reduced the higher the Sensitivity of the null indicator, 
the more asvurately the initial values and a_(k) are 

Set in. The use of the integrator is then described aa al 
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Solving the difference equation (35) within the interval 
Ok EN subject te the boundary conditions of Eq (9), 
The additional fcmponents required, a network y, 
vommutator Ke2, SPA (ACR..2) and null-indicator NI-2 are 
Shown in Figure 4. When there is an extended System of 
equations such as Eq (16), the Somponents must be organised 
@S in Figure 5, After Satting in ordinate values there is 
a precedure similar to the above for finding the an . 


The methad moy alsc be extended to Partial differential 
equations such as that fcr transverse Vibrations of a 
Straighi red. Eq (17), with boundary conditions, Eq (18). 
By quantizing the x ard «+ ccordinates a Substitute 
difference equation (i973 as found which can be solved by 
intercennasting K, SPE nd Ni » “On3idered as building 
blecks. as in Figure 6, The condustances in the SPA 

are chesen proportional to the coefficients of Eq nae a 
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end Difterential Equations 
During the precess of solution 
cennected in turn by K to the 
accordance with the tabla of Eq 
null as found, There are 6 fig 
references, 
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avofudvc; In an earlier note, (Ref 1) the prose a (Ll) wee 
Sluulzved by voltages for the x's and for b and by 
conductances of 2 n-rayed stars for the a's. It is 
vhat the even simpler circuit of fisure 1 may also be 
used. Tuc reletion between the individual divider currents 


ane 


and tne difercsnce between those in the 2 bis-bars is 

“4 (2), where the a's are the ratios of the parts into 
iich each current divider i: Separ ted oy the slider, 
will be ceen that Eq (2) may be used to-simulzte fc Dis 
troducing scale factors in Bos (4) and (5) the necessary 
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Scalar Liultiplier for n—Dimensional Vectors 
changed without switching. A drawback is the use of 
currents, amd not voltages, to simulate x and De 
there is 1 figure and 1 Soviet reference, 
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AUTHOR: Puxhov, G.¥e., Dector of Technical Seiezces, Professor 


TITLE: A Possible Principle of Construction of Mathematical 
Machines 
PERIODICALs Izvestiya vysshikh uchebnykh zavedeniy, 
Elektromekhanika, 1959, Nr 8, pp 3-12 (USSR) 


ABSTRACT: It is suggested that the simplicity and reliability of 
the analogue computer can be combined with the accuracy 
and “controlability" of the digital computer in a 
“continuous-diserete" (NDD) machine. The basic operation 
is that of finding the components of n-dimensional vectors 
When these are orthogonal (see Refs 1 and 2), The vectors 
x and @ are defined in Eq (1) and the operation carried 
out by the machine is Eq (2). This latter condition is 
conveniently satisfied by the cirauit of Fig 1 in which 
each a is a controlled voltage divider and each 8 is 
a controlled current divider, If the conductance G 
soining the dividers is smaller than that of the dividers 
then Eq (4) is valid. The settings of the dividers for 
each x and a is calculated from Eq (5). The block 

Card 1/3 diagram of the complete, general-purpose machine is Fig 2 
in which Jy is the store, consisting of the a-dividers, 
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Ay is the arithmetic unit comprising the  8-dividers, 

the sonductanses G and the ca>~ nt-ditference amplifier 
neéded to operabe the tracking system, KM is the 
patching panel, yy is the control unit. The store 
accepts and delivers values in discrete (divider position) 
The arithmetic unit also has a menory function 
Since if also holds the values of the Vector components 

of 3. The voltage dividers in Jy and Ay are 
Dretersbsy helical petenbiometers driven by motors excited 
on “he amplifier Which magnifies tie current difference. 
patching panei is in tys Parts 5 ope of which connects 
store and the arithmetic unit. the other ecnnects the 
er tu thé control unit. In Section 2 the various 
a cad 
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nas follows3 a) addition and subtraction; 

near forms; B) multiplication and division; 
itiplication ard division of linsar forms; 

and higher derivations; a) definite integrals; 

operations, The sompliation of a typical 

As illustrated using the éXample of a second 
Te ntial equation, Eq (30), which is solved by 
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finite differences, a typical iteration being Eq (33). 
There are 2 figures and 2 Soviet references. 
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Pukhov, Georgly Yevgen'yevich ~ 
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Elektricheskoye modelirovaniye sterzhnevykh i tonkostennykh konstruktsiy 
(Electrical Simulation of Truss and Thin-Walled Structures) Kiyev, Izd-vo 
AN ukrSSR, 1960. 149 p. 3,000 copies printed. 


Sponsoring Agency: Akademiya nauk Ukrainskoy SSR. 


Resp. Ed.: PF. Fil'chakov, Doctor of Physical and Mathematical Sciences; Ra. of 
Publishing House: N.M. Labinova; Tech. Ed«: N.P. Rakhlina. 


PURPOSE: This book is intended for scientists, technicians, and students con- 
cerned with the theory and epplication of electrical simulation methods in scien- 
tific and technical computation. 


COVERAGE: The book presents the theory of balanced electrical resistor networks 
and discusses its application in solving problems of construction engineering 
for such truss structures as beams, frames, and girders and for such thin- 
walled structures as box-type shells and plates. Special electrical models 
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, Electrical Simulation of Truss. (Cont.) sov /5166 
designed and manufactured for the purppse of computing these systems, in par- E 


ticular the EMSS-7 model designed at the Vychislitel'nyy tsentr AN USSR (Can- 
puting Center AS UkrSSR), are described. The author thanks V.M. Glushkov, 
Corresponding Member AS UkrSSR for his advice, and Engineers V.V. Vasil'yeva, 
L.V. Konstantinova, and 0.N. Tokareva for their assistance in preparing the 

' manuscript for publication. There are 67 references: 61 Soviet (including 
translations), and 6 English. 
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TITLE: Approximate Method of Calculating the Electrical 
Networks 


PER(GLICAL: Izvestiya vysshikh uchebnykh zgavedeniy, 
Elektromekhanika, 1960, Nr 1, pp 37-42 (USSR) 


ABSTRACT: The method described is analogous to that employed in 
mechanics for the design of frame structures. The 
method is known as the method of the palancing of node 

torques. By analogy, when applied to electrical networks 

the method can be referred to as the node-current balance 
method. It is assumed that if an electrical network 
contains several nodes one of these is referred to as the 
base node, while the remaining are the ordinary nodes. 

The method is based on determining the actual currents 

by balancing the currents successively from node to node. 

By balancing the currents in the first node, the balance 

currents in the neighbouring branches are found as well 

as in the secondary short-circuited nodes. The unbalance 

1/4 current of the second node will be equal to the sum of 
the initial and secondary short-circuit currents. 
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Next, by palancing the currents in the second node, the 
balance currents and the secondary currents are found 

in the remaining no i g the second node). 

The first balancing cy i d when the currents 

in all the ordinary no By 

repeating the balancing proce i 

possible to find the non-balance ¢ 

cycles and these will be very small. 

calculations can be terminated, since additional 

balancing does not result ina substantial change of the 
current distribution. The actual currents in the bai 
branches are now determined py adding all the short- 4 
eireuit currents and the balance currents of all the 
cycles. It is now necessary to show that the above 
process is convergent. This is done by considering a 
atwork having 3 nodes (see Fig 1). The current I in 

sig l is the unknown, while Ka and Kp are the 

surrent transfer coefficients from the nodes a and d 
into a given branch; the coefficients Kab and Kba 
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represent the transfer of the currents from the node a 
into the node b and vice versa. The superposition 
of the balance currents and the short-circuit currents 
is expressed by: 


I = Ip + Kala + Kp Kapla + Ip) + KaKpalKapla + Ip) + 
oe (1) 


If KapKpa =», Ea (1) can be expressed as Eq (2), 
from which it follows that the process is convergent 
provided \al<l. In applying the method to the 
calculation of the currents ina practical system, it 
is convenient to record the results in a specially 
constructed table. The method of tabulating the 
results is shown in the Table on page 40, which gives 
the results for the bridge circuit shown in Fig 3. 
From the Table it is seen that after four palancing 
operations the method gives the values which are about 
1% different from the actual currents. 
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There are 3 figures, 1 table and 3 Soviet references, 


‘ON: Kafedra teoreticheskikh osnov elektrotekhniki, 
Kiyevskiy institut grazhdanskiy vozdushnyy flota 
(Chair of Theoretical Fundamentals of Electrical 
Engineering, Kivev Institute of Civil Aviation) 


September 1, 1959 
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The Conditions of Convergence for the Balancing of an Blectrical 

Network containing Quasi-Negative Resistances 
be possible to achieve situations in which the voltage 
u is equal to QO. In this case the  bipole will behave 
as a negative resistance raB = —T. A similar result 
can be obtained by means of the second network shown in 
Fig 1, which consists of a resistance r anda current 
Source I. This case is described by Eqs (3) and (+). 
Again by changing the magnitude and the direction of I 
it is possible to obtain the conditions when i=0O and 
the network will behave as a negative resistance. Since 
the above networks do not in fact contain any negative 
Parameters, resistances are referred to as the quasi- 
negative resistances, Such resistances can play an 
important part in the solution, in particular the 
synthesis, of electrical networks. However, the 
application of such elements is not always possible. 
This is due to the fact that while adjusting the electro- 
motive force of a bipole in such a manner as to obtain 
the negative resistances, the other elements of the 
system may be misaligned and the process of balancing a ak 
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Network containing Quasi-Negative Resistances 
not necessarily be convergent. It is now necessary to 
consider the convergence conditions for the balancing 
process in a network. The process results in the 
reduction of the so-called deviation currents and 
Voltages, of the type u and i to zero. For the 
purpose of analysis it is assumed that the bipoles of 
Fig 1 can be represented as shown in Fig 2. If the 
network is not balanced, the deviation voltages Uj; are 
not equal to O and due to the linearity of the system, 
can be expressed by Eq (5), where Py ; are dimensionless 
coefficients depending on the configuration of the 
network and the magnitudes of the resistances; 
the components of ehe voltages uj which are ‘detaratiod 
by the electromotive forces of those sources which are not 
being adjusted. Mathematically the balancing process 
amounts to selecting the electromotive forces Es; in such 
away that the deviations are equal to O. The 
convergence of the process will depend on the method of 
balancing. It is shown that the condition sufficient for 
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the convergence is equivalent to the condition of the 
diagonality of the matrix of the coefficients of Eq (5). 
The condition is expressed by Eq (7). This can also be 
expressed by the equivalent condition defined: 


1=n 
2th — Fo lyl>o  (s =4,..... ,n), (8) 
i=l 


where E; =1 while all the remaining electromotive 
forces (as well as the current sources) are equal to 0. 
If the quasi-negative resistances are realised by means 
of the current sources (see Fig 2), the system can be 
described by (Eq 9). For this case the condition 
sufficient for the convergence of the balancing process 
is expressed py Eq (10). If the above is checked 
experimentally it is more convenient to employ 


: i=n 
ange 2ligjh — 5 fail > 0, (j= 1,...-.) 0), Va 


1= 
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where Iy = 1, while the currents of all the remaining 
current Sources are equal to 0. In a practical 
application of the networks with quasi-negative 
resistances, it may be necessary to replace one type of 
negative resistance (with a voltage source) by another 
type (with a current source), In order to determine if 
Such a transformation effects the convergence of the 
balancing Process it is necessary to determine the 
relationship between the coefficients Pij and dij. 
The circuits for determining these coefficients are 
illustrated in Figs 3 and &. The relationships between 
the coefficients take form of Eqs (12), (13), (14) and 
(15), where kij is defined by Eq (163, From the above 


equations it is concluded that the replacement of the 
resistances with voltage sources, by the resistances with 
current sources, or vice versa, does not influence the 
convergence of the balancing process, The above methods 
of balancing can be Secured by minimising the sum of vA 


moduli of the deviations or the Sum of the squares of 
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deviations The sum 

; . of the moduli of th 
) e devi 
eneaiee aes by employing a set of mectificcs at 
by Eq (18). ahs the resulting sum is then expressed 
by 8 Sac : he above balancing process is illustrated 
analogues 0 example; the actual network (which 
described b eau) 18 shown in Fig 5. The eircuit is 
the coefficnert: 22) and (20) from which it fol1 
Pe icients Pij are given by Eq (21) ows that 
English and Seni ee references, of which 2 are 
translated from Bare Gk o of the Soviet references are 


-...: TON: Kafedra teoreticheskikh OSNoV ‘eléktMitekhniki 
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Pukhov, G.Ye., Doctor of Technical Sciences, Professor 
rer eae 


The Analogue Representation’ of Three-and Five-Term 


Equations of Structural Mechanics 


Izvestiya vysshikh uchebnykh zavedeniy, Elektromekhanika, 
1960, Nr 4, pp 17-19 (USSR) 


Many problems of structural mechanics involve the solution 
of three- and five-term algebraic equations. The three- 
term equations are of the form of Eq (1) with 
coefficients satisfying the conditions given by Eq (2); 
the five-term equations have the form of Eq (3), whose 
coefficients satisfy the conditions of Eq (4). Articles 
by other authors have shown that the system of equations 
(1) with conditions (2) may be represented by an 
electrical circuit consisting of 3n - 2 ohmic resistances. 
When some or all of the auxiliary coefficients are 
positive, the circuit has twice the number of loops than 
when all are negative. The present article shows that 

Eq (1) may be represented by an analogue which contains 
not more than 2n - 1 resistances and examines the 
conditions under which the analogue may also be used to 
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find the roots of five-term equations by a method of 
guccessive approximation. If all the auxiliary 
coefficients of Eq (1) are negative, the analogue 
circuit is of the form shown in Fig 1. It is 
demonstrated that, by appropriate reversal of current 
at particular points in the system, this same circuit 
may be used to represent Eq (1) when the auxiliary 
coefficients have other signs. The circuit for the 
case when all the auxiliary coefficients are positive is 
shown in Fig 2 and Eq (8) apply. Eq (1), (6) and (7) 
may then be used to determine the voltages; currents and 
conductivities of the circuit. If some of the 
auxiliary coefficients are negative and others positive, 
combined circuits may be formulated: an example of this 
kind is shown in Fig 36 The conditions under which 
electrical analogues of three-term equations may be used 
to solve five-term equations are then considered. 
Eq (3) is rewritten in the form of Eq (9), that is ina 

Card 2/3 three-term form. The method of successive pecan > oad 
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is then explained. It is shown that the five-term 
equations can be solved provided that the moduli of the 
main coefficients are greater than the sum of the moduli 
of the auxiliary coefficients in each line of Eq (3). 
This condition is frequently fulfilled in calculations 
on various thin-walled or rod structures. There are 

3 figures and 5 Soviet references. 


ASSOCIATION: Kiyevskiy institut grazhdanskogo vozdushnogo flota 
(Kiyev Institute of Civil Aviation) 


SUBMITTED: September 20, 1959 
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TITLE: Some Design Principles for Electrical Models of Frames 
with Displaced Joints 


PERIODICAL: Lzvestiya vysshikh uchebnykh zayedenly. 
Elektromekhanika, 1960;5No °;, PP 17-27 


TEXT; Previously the use of the EMS$-1, «5 and -6 machines 
for simulating structural problems of this kind has encountered 
difficulties tecause only part of the task could be loaded; the ut 
rast was a manual calculation. The present paper deseribes 
mathods avoiding this disadvantage. Fig 1 shows the general case 
of a freely supported rod subject to transverse loads at the 
supports» bending moments at either end and a eontinuous y 
arbitrarily distributed external loading. The relations between 
the mean and terminal slopes and the forces and moments are Bas 

(2) and (2). When the ends of the rod are rigidly fixed the 
equations are Eqs (u), (5) and (6), The ‘free’ and i-estrainsd' 
equations are combined in Eqs (7), (8) and (9). It is pointed out 
3t this stage that simulation is greatly facilitated by working in 
terms of either sum or differences of bending moment? a= in 
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Eqs (9), (10). The equations may be generalized as in Eqs (14), 
(27), to allow for the moment of inertia of the eross-section to be 
yariable along the length of the rod. It is also shown that these 
latter equations can cater for longitudinal loadings as well as 
continuous elastic support. The active T-circuit of Fig < is 
described in Eq (25) and can be used to simulate the structural 
problem if the resistance Tf is allowed to be negative. This 
disadvantage may be overcome by three distinct methods: adding a 
bridging element to the T-circuit; incorporating conditional 
voltage or current sources which enable a positive resistance to 
appear negative; changing the form of analogue. Figs 3 and by 
together with Eqs (20) and (23) show how the second. method is used. 
The First method has been described in Ref 3. The preferred 
approach is to base the analogy on the fl-cireuit of Fig 5. The 
relevant set of identities are Eqs (41), (42). If a structure is 
made up of a number of members then the circuit analogue is 
similarly built up with circuit nodes corresponding to structural 
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joints, The two-storey, singie-span frame of Fig 6 is represented 
by the cirenit of Fig 7 when T- circuit analogues are used, and by 
Fig ll when the ffi-form is used. In order to work in terms of 
moment--differences the expression of Eq (47) must be represented 
using the sub-circuit of Fig 8. A more elegant solution is the val 
"warp-circuit" of Fig 10. The methods described have been used on 
the EMSS.-7 machine at: the computing centre of the Ukr .SSR AS. 
There are 11 figures and 10 references: 8 Soviet and < Fnglish. 
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and Borkovskiy, B A.. Poct-graduate Student 


TITLE . On the Zlectrical Simulation of a System of Linear 
Algebraic Equations with Arbitrary Coefficient Matrix 


PERIODICAL: Izvestiya Vysshikh Uchebnykh Zavedeniy. Elektromekhan - 
ika 1960 ., No 11s, DP Borer 


TOXT - It 1s usually assumed (Ref. 1) that electricai 
analogues consisting of the elements R. L. and C can oniy te 
constructed for systems of linear algebraic equations with 
symmetric matrices of coefficients. while systems of equations 
with unsymmetric matrices can be simulated by electrical circuits 
only 1f transformers and amplifiers are used (Refs. 1. 2. 3), 

The present article aims to extend the domain of usefulness of 
models for symmetric algebraic systems constructed from the 
elements R Land C. and to show how to apply them to the soluticn 
of systems of algebraic eguations with arbitrary matrices. In 
order to solve the system AX = F with arbitrary matrix A on an 
electrical mode!. an electrical analogy of the following algebraic 
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system - FO? 2 | | Z | ee 

eee hace ee 

i ae tp oe 
mist be constructed. X and F are the vectors of the unknowns and 
right hand sides of the system (1). A* is the transpose of A. B 
1s an arbitrary symmetric matrix and Z is a vector of spurious 
(undetermined) unknowns. This is always possible since the matrix 
of the system (2) is symmetric and no other restrictions are 
imposed on systems simulated by electrical circuits containing R. 
L and C elements (Ref. 1). One of the possible methods of con- 
structing an electrical circuit simulating the system (2) is clear 
from Fig. 1 Fig. 1 represents an electrical circuit described ty 
the following system of en equations: 
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are satisfied then the system (3) can be written shortly as 
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By comparing equations (2) and (5) it follows that the cir<ult 
(Fig. 1) simulates equations (2). The elements a,,of the matrix 
A ere simulated by the conductivities Y\, the cofiBonents F, of 
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{he vector of the right nand sides F are simulated by the currents 
T. and the components x%,.0f the vertor of unknowns X are rep- 
résented by the voltages "U,. The conductivities of capacitors 
Simulate the positive eleménts of A, and the conductivities of 
inductors simulate the negative elements of A. The conductivities 
are chesen so that the Equations (4) are satisfied. 1,¢. £0 


Nat wnicn the current I representing the right hand s 
of the equations are introduced are zero. By measuring the 
components of the vector 0 in amplitude and phase the values of 
the unknown vector ¥ in Equations (1) may be obtained in seme 
scale. The circuit (Fig. 1) requires n°+r L and C elements to 
imu a system of the n-th order with an arbitrary matrix. 
re 3 Soviet references. 


raSt the particular conductivities of the nedes 1°. 2°. ... 11°, K 
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nical Sciences, Professor, Head 


TITLE: Foundations of the general theory of quasi-analogue systems 
if 
PERIODICAL: Izvestiya vysshikh uchebnykh zaveleniy. Electromekhanika, ‘no. 
9, 1961, 3 - 21 


TEXT: This article was written from a report, submitted at the ses- 
sion of the Physico-Mathematical Section AS UkrSSR on March 29, 1960. The 
author describes methods of mathematical representation of some complex sys- 
tems by equations which could be set on electronic computers leading to qua- 
litative and quantitive solutions. Quasi-analogue systems are defined as 
systems, whose representing models have different structures and equations. 
A quasi-analogue model of an equation (a) is such that it is a model of dif- 
ferent equation (b) which may be partly different from a given equation (a), 
but such that it satisfies some determined conditions (the criteria of equi- 
valence) and all, or some of the unknowns of the Ea. (b) coincide with the 
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unknowns of the initial Eq. (a). If the conditions of equivalence are such 
that their representation does not require the use of the unknowns resulting 
from model (b), then the quasi-analogue model does not differ from an analo- 
gue model. These models are called by the author, models of the first kind, 
or unbalanced models. If the conditions of the equivalence require the use 
of the resulting quantities, then it is necessary to introduce a special pro- 
cess, called by the author a balancing model process to satisfy the above 
stated conditions, these models are called quasi-analogue models of the sec- 
ond kind, or balanced models. Fig. 2 shows the classification of Mathemati- 
cal models. Basic problems in a quasi-analogue system are: (a) Deduction 

and construction of quasi-analogue models of the first kind, and of quasi- 
analogues and balancing systems 0: models of the second kind; deducting sigrs 
of mathematical equivalence of an initial object and that of a model, and 
obtaining criteria of equivalence; (b) detection of and obtaining methods of 
study of convergence, establishing the criteria of convergence; (c) working 
out ideal systems of quasi-analogue models applicable for the typical ob- 
jects. (d) solving the problems of accuracy, automation of balancing, stabi- 
lity of the models. The purpose of introducing a quasi-analogue is thet by 
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introducing known vectors F, G and of a known balancing vector b, the value 
of the unknown vector X could be obtained. The balancing system is used to 
transform the vectors Z and H into @ . It is practically convenient that vec- 
tor 2 obtains, apart from the unknown X, and a vector of auxiliary unknown Y, 
also the difference factor €, whose conversion to zero would mean the full- 
fillment of the condition of equivalence. The requirements with respect to 
operators are formulated by the author as follows: (a) The operators B and C 
should allow for the possibility of construction of a model continuing given 
elements. b) The operators B and C should be such that the equation of a qua- 
si-analogue model should be found without calculations. This applies also to 
operator K and vector & used to determine vector G = K (2) which, if possib- 
le, should be found without long calculations. c) The operators C and D should 
satisfy the conditions of convergence. The author then examines a particular 
case the construction of models of equations in which there are no auxiliary 
unknowns, and also of equations in which the conditions of equivalence are 
not directly obtained. Also examples of quasi-analiogue models of the first 
kind are given. The difficulty of the problem is in obtaining a quasi-analo- 
gue system. The balancing of this system is effected either by hand, or by 
simple detecting schemes. Depending on the method of introducing the error 
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vector & and of the balancing vector ¢there could result different equiva- 
lent equations which are suggested by the author. A simple way of construc- 
ting mesh quasi-analogues is of the type 


AX = P+ AE, (24) 
where A 1s a diugonal matrix, dependent on the structure of the electric cir- 


cuit. Models of Bq. (24) are called QA-~analogues. In Fig. 9 the equations 
are of the form 
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In the above scheme the unknowns are represented by the voltages X; and the 
error functions by the voltage € ; - The condition of equivalence is Pee 0. 

The balancing of a scheme shown in Fig. 9 could be solved by Seidel's method. 
This method consists of the consecutive equating to zero of the error func- 
tions E, by the matching of the values of aan (for scheme in Fig. ee oa = x5). 
This is feasible if the system is convergent. The method consists of construc- 
ting an equation linking the vectors and €& by an analysis of a matrix of 
coefficients of this equation, 


PH+E = 0 (28) at 


For G-analogue models it follows from (24) and (28) and @= X, that the ma- 
trix Pis 


(30) 


When changing in differential equations with ordinary, or with partial deri- 
vatives, it may appear that some of the members of the matrix A repeat. Then 
the model could be substantially simplified. It would then consist of source 
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of voltage Kis source of current F. and a change over switch. If the matrix 
Py does not satisfy Seidel's condition then the balancing of ts~analogues 
should be found differently. It is possible to apply the relaxation method 
of balancing. The author considers a aystem shown in Fig. 12, which he calls 
a f-analogue, The part M is represented by 


MK = F +, (34) 


and the part D by 


DK =D+AL., (35) 


Ms» A+ D 
s 4 diagonal matrix. To deduce the condition cf convergence in the 


method cf balancing, eliminating the unknowns from (74) and (39), 


DM (37) 
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As long as D=M »- A, the matrix determining the convergence is 
-1 -1 
Py = me aka | aaa (38) 
” 


The convergence is quicker the nearer matrix M is to matrix A. A gamma + ana- 
logue model is illustrated by a mesh model of a differential equation 
“ F 

eee, eee Gite Qs (39) 
This model permits the solving ofa number of two-dimension differential 
equations with partial derivatives of a higher than the second order by a 
pure machine manner. Such problems are solved on the known mesh electronic 
integrators. The author also considered a two member analogue represented by 


MX = F + ¥ (43) 
Dy =o, (At) 


where M is determined from (36) and the matrix D isselected so that there 
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are analogue models (43) and (44). The condition of equivalence is at ¥ = X. 
fue X-Y (45) 


which is zero. This herd -s called Sanalogue ty the author. As a last ex- , (\ 
ample the author considered a model with quasi-analogue models with quasi- 
negative resistances > (Fig. 14) The resistance of this type are used ina 
modernized mesh mathematical machine 3MCC-7(EMSS-7)for calculating beams 
and frames. The link S consists of ohmic resistances, and R., R, ... ay are 
such that the negative model is a total analogue of the equations of the ob-~- 
ject. The magnitudes and signs cf tne p.d. E_, E, ... E, are obtained by the 
change over arithmetic structure, consisting of equal resistances R_ = 

= Rand of a zero indicator, E, is set so that the indicator shows z€ro 
deviation f. and al! pod. are selécted in this tanner. The auxiliary unknows 
are current I., voltages BU at the peints of function two-terminal net- 
works, The author quotes many other applications. There are 15 figures and 

4 


Laie 


29 references: 23 Soviet-bloc and 4 nen-Soviet-bloc. The ost recent to 
Bnglish-language publications read as follows: Wile ‘Karplus, Analog. Simula- 
tion solution of field probiems. New York. '958; RB. Mas Neal, the sclution 
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of elastic plate problems by electrical analogies. Journ. Appl. Mech. V.18, 
pp. 59 - 67, 1951; W.T. Russel, R.H. Mac Neal. Improved electrical analogy 
for analysis of beams in beinding. Journ. Appl. Mech. v. 20, pp. 349 355, 
1953; G.W. Swenson. T.J.A. Higgins direct-current network analyser for solv- 
ing wave-~equation boundary-value problems. Journ. Appl. Physics. v.23, 1952, 
no. 1 


ASSOCIATION: Otdel analogovykh matematicheskikh mashin vychislitel'nogo 
tsentra AN USSR (Analogue Computer Section, Computer Center 
AS UkrSSR) 


SUBMITTED: March 53,1961 (Initially) 
May 3, 1961 (After revision) 
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KEXOFYAN, K.K., prof., doktor tekhn. nauk, red.; FUKLOV, G.Ye., 
crof,, doktor tekhn, nauk, red.; UGODCHIKCY, 4A.5., rrot., 
doktor tekhn, nauk, red.; SADETGY, S.¥a., caois., nav.c, texhn. 
nauk, red.; GUNKIL, I.I., assistent, red .;CHEGOLIN,: .M.,dots.,kend, 
texhn.nauk, red. (Minsk) 

[lroceedings of the Inter-University Conference on Electric 
Modeling of Froblems of Structural Mechanics, Theory of 
Elasticity, and Strength of Materials} Trudy Mezhvusovskoi 
nauchno-tekhnicheskoi konferentsii po elektricheskomu moceli- 
rovaniiu zadach stroitel'noi mekhaniki, teorii uprugosti i 
soprotivleniia materialov. Pod red. K.K.Keropiana i A.G. 
Ugodchikova., Novocherkassk, Rostovskii inzhenerno-stroitel'- 
nyi in-t, 1962. 176 p. (MIRA 17:4) 


1. Mezhvuzovskaya nauchno-tekhnicheskaya konferentsiya po 
elektricheskomu modelirovaniyu zadach stroitel'noy mekhaniki, 
teorii uprugosti i soprotivleniya materialov., 2d, Rostov-na~Donu, 
1962. ¢ 2, Rostovskiy-na-Donu inzhenerno-stroitel 'nyyan- 
stitut (for Keropyan, .Sadetov, Gunkin). 3.Chlen-korrespondent 

A! Ukr.SSR i Vychislitel'nyy tsentr AN SSSR (for Fukhov). 

4. Gor'kovskiy inzhenerno-stroitel'nyy institut (for Ugodchikov). 
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AUTHOR. Pukhov, G.Ye., Doctor of Technical Sciences, Professor, 
Corresponding Member of the AS UkrSSR 
TIPLE. Iteration method of integrating differential equations on 


electronic computers 


PERTODICAL: {zvestiya vysshikh uchebnykh zavedeniy. blektromekhanikay 
noo 1, 1962, 3-9 
at 
TEXT: The suggested method of treating linear differential equations | 


consists in the reliminary computing of an approximete matrix G or its 
inverse ons B=G"+ which is set on an electronic computer, and of subse= 
quent feeding into the computer of a correcting equation. The author 
derives conditions Zor convergence of the iteration process and expres= 
sions for obtaining the necessary accuracy in determining the components 
of the correcting matrix. The author statesthat a special device (iterator) 
has bsen developed and connected to an existing industr iai type of elec- 
tronic computer, Automatic solution of a boundary problem was achievedc 


Owing te rap.d convergence of the process of iteration the suggested 
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Iteration method of oo» 


method permitted quicker and simpler solving than 
of mipimizaliene The approximate matrix 


linear differential squations of the form PZ+p>%, 


where X <3 X, ar 


in f 
at ¢-0 and t=T respectively, 
constants components y Zo a vector composed 
enitiak vector X,_. Vectors x. and X, are 
im in f 


=X, where D is a square matrix, 
by any integrating devics permitting 
and Xe gives GZ+g=0, i2 


weeotor 
kreewn 
of the 


equation DX. 
be performed 
probiem.. Solving for : ae 


matria B known 
eperations? The intial wactor X. : 
k in (3) 
th cycle of calculation from vector Z/,)° 
Lhe integrator and the vector Xe.) is foundo 


santo Ea. (2) gives on the right-hand side the vet 
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P,Q - matricebe 


The vec 


by the usual method 


is obtained from the set of 


$ QoX +400 (Eqo2) 4 


e unknown values of the jnitial and final state of the 


psa ~ vectors with 
of unknown components 
connected by the 


Operation (3) could 
the solution of Cauchy#® 
which G-QDP. With 


the iteration process for each cycle consists of five 
jis obtained as a 


result of (ieh) 


tor X. is fed into 
in(z 


Substituts2g the Latter 


ry 
tor of deviations {i} 
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instead of a zero. ‘This permits calculation of the correction vector 


M. @) y, and the new value of vector Z=Z,. is found. Vector 
(3) (i+1) 


Zeya obtained as result of i-order iteration coul: be expressed in 


texms of a vector Z(o) selected initially: ne 
i} > i\~ 
Zz a 20) .~ (EB + Fo+ FO + coo + F')Bg (14) where E is unit 


sae) 
matrix, and F3U-BG. The condition of convergence requires that 

(op 2.27.1, The initial differential equation could be transformed 
se that the known components of the final vector, instead of those of the 
ynitial vector, are used for the integration. The iteration method ts 
applicable to problems with given boundary conditions for several points. 
A nvmerical 2xample of an equation a4y (t) = .1V,,, mw is considered 

Gtr x” (4) F 

in detail. There are ] table and 5 Soviet-bloc references. 


ASSOCIATION. Vychislitei‘nyy tsentr AN USSR (Computer Center, AS UkrSSR) 


SUBMITTED . December 9, 1960 
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AUTHOR: Pukhov, G.Ye. 
TITLE: - Theory and use of an invertible operational amplifier 


PERIODICAL: Referativnyy zhurnal, Avtomatika, telemekhanika 1 vychislitel'naya 

; _-.. tekhnika, no. 3, 1963, 15, abstract 3883 (Dokl. 4-y Mezhvuz. konfe- 
rentsii po primeneniyu fiz. i matem. modelirovaniya v razlichn. 
otraslyakh tekhn.. Sb. 3, Moscow, 1962, 63 - 72): 


TEXT: - he author notes the possibility of extending the capabilities of | 
analog computers in the case of utilizing besides directed components also un- . | ss 
directed components. The circuit of an invertible operational amplifier is de- | a 
scribed, the output potential on any terminal of which may be obtained by set~ Bae 
ting potentials at all the remaining terminals of that amplifier. Special cases 
of a circuit of an invertible amplifier are considered which may be used with 
various versions of combining the two-terminal components of the external net- 
work of the amplifier as an invertible multiplier-divider, invertible integra-- 
tor-differentiator, and a function generator. The possibility is indicated of 
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meee not Lend 


- applying the invertible operational amplifier to the solution of systems of li- 
near algebraic equations and the conditions of stability for a network contain- 
ing the operational amplifiers are formulated. The author also considers the 
application of invertible operational amplifiers to the solution of systems of 
ordinary differential equations. There are 7 figures and 3 references. 


I.V. es i : ae 


[Abstracter's note: Complete translation] Ae ao 
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wnere A = R,/Ro (R, and Ro peing ohmic resistances (cons tant or var 


riable))- If Ree Ros 


integrator-differentiavor: 


one obtains @ 


Hence, DY applying at one 


the other the integral Xo = 


x, 0% 


second pole the tunction Xo» one obvains at the first 


vative X, = 


voltage transformations. 
tne type 
j=n 


i 


sign inverter. 


dx,/adt. The simulator can 


pb) A reversible 


In this case one obtains 


pole the function K,(%)s one obtains at 


(with RC 1); applying to the 
pole the deri- 


be also used for nonlinear 


If aifrerential- or algebraic equations of 


(9) 


ea 
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_Pukhov, ‘HrYe., Corresponcing Member of the AS UkrSSR 


TIOLE: Simulation of siaieae of linear algebraic equations 


Axademiya nauk Ukrayins'koyi RSR. Dopovidi, no. 6, 
1962, 739 - 742 


TExTs The author attempts a solution of the problem of Simulating 
a homogeneous system of equations 


Ax = 0 (1) 


where A is a rectangular matrix having m rows ané n columns. The 
autnor shows that it is possible to solve the problen with the aid 
oF the inverted Operational transducer proposed in his earlier work 
(DAN UKSR, 466 /1962/). (1) is put inte partitioned form 


(2) 


anc A represented as the difference of two matrices naving non 
tive components. Hence an equivalent system giving the roots x; 
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(1) is found. 4A simulstion 


x into vector 
m~n) 7a u 


scheme for transforming the vectors 
SX,» as is required for the solution, is prono- 
using an inverted operational linear transducer. Transducers 
barallel and in series are considered, It is shown that 
1 tne process of transforming the vectors -is stable, 
are 2 figures, 


SOCIATION: Cbchyslyuvai'nyy tsentr AN 
the AS UkrSspP) 


URSR (Computer. Center of 


December 22, 1961 
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Tek +. ae 


T1T as: 31— 
: Quavi-annlogue eluctrenic computer for the solution of the general 


problem of wathenaticel prograting 
Pin IUvICab: AKadeuaye naux Ukrayus'koy RN Dopovidi, nu.7,1962,063-870 
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( =o > a : 
Ger Aah + CoA, WPI Ds (1} 


where the variable ; 
cA X10 re a are not negative ani Getisfy a set of linear euation 


a a a eer ae (3) 
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c, ana b are const: ic ee ee . 
ge e con3tunts which way be posative, negative or zero. The coefficients a.. 
iJ 


are not ncgntive. The wodel of a computor for the Solution of this problem i 
described. The method of solution is Similar to the uimplex method eles tks 

has a unique solution, this mcthod gives a velue Closely approfching the ex ies 
Jolution in a certain finite number of steps. The operations applica in tie 3 
computor sve described. The- value of a given variable is changed until no func we 
paanl (ee decreaue) of it changes the value of in the desired direction. There ie 


\ . 
ASSOCIATION:  Obchislyuval'niitsentr AN URSR (Computing Center, AS UkrSuR) 


SUBMITTED : December 22,1961 
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VASIL'YEV, V.V. 


[Vasyl'iev, V.V.]; PUKHOV, G.Ye. [Pukhov, H.IE.] 


Reversible electronic models of strictural frames, Dop. AN URSR 
no.9:1158-1161 '62, (MIRA 18:4) 


1. Vychislitel'nyy tsentr AN UkrSSR, 2, Chlen-korrespondent AN 
UkrSSR (for Pukhov). 
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PUKHOV, Georgiy Yevgen'yevich, doktor tekhn.nauk, prof. 


Inertial method for integrating differential equations using 
electronic computers. Izv.vys.ucheb.zav.; elektromekh. 5 
no.l:3-9 ‘'62. (MIRA 15:2) 


1. Chlen-korrespondent AN USSR, zaveduyushchiy otdelom analogovykh 
matematicheskikh mashin Vychislitel'nogo tsentra AN esr. 
(Differential equations) (Electronic calculat&ng machines) 
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PUKHGV, G.Ye., prof., otv. red.; LABINOVA, N.MN., red.; DAKHNO, 
Yu.B,, tekhn. red. 


[Mathematical modeling and electrica. metworks] Matemati- 
cheskoe modelirovanie 1 elektricheskie tsepi; trudy. Kiev, 
Izd-vo AN Ukr.SSR. No.l. 1963- 24 po (MIRA 16:10) 


1, Seminar po metodam matematitheskozo modelirovaniya i te- 
orii elektricheskikh tsepey. 2. Chle-korrespondent AN 
Ukr. SSR (for Pughov). 
(Electric networks-—Mathematical models) 
(Electronic computers ) 
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AOS5/A126 ~ ees 
AUTHOR: Pukhov, G.Ye. . ; 

TITLE: Reversible quasi-analogue models, their theory and some applica-. aes 
tions : : 


_ PERIODIOAEY” Elektromekhanika,<no. 2, 1963, 158 - 173 


TEXT: The theory of the reversible operational amplifiers is briefly stat- 
ed and some of their possible applications as computing and controlling devices ; 
‘are examined. All the models described in the article belong to the quasi-ana~- 

* logue category. The balancing amplifier has a sufficiently high negative ampli- : 

- fication factor; 1, ..., n are the main two-terminal networks (TIN) whose in- {| 
ner structure and elements are determined by the required mathematical links be- PP ake . 
tween the variables x,, -.-, X, (simulated by voltages) 5, 1‘, ..., n' are — “ 
auxiliary TIN through which the exterior poles 1, eee, m of the device are 
connected tc the balancing amplifier output; €& and ® are, respectively, its 
input and output voltages. The auxiliary TIN are 50 designed that the TIN i> 
andi' (i=1, ..., n) should be similar. Owing to symmetry, the device as a 
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Reversible quasi-analogue models, their .-.- A055/A126 i omens 
whole is reversible with respect to the exterior poles; applying certain volt- 
ages to any of the n- lt of these poles, wa obtain, at the remaining pole, a 
voltage determined by the inner structure ang the nature of the elements of. the 

‘ main -TIN. If the amplification factor ig aufficiently high, is small and, 
the main TIN being linear, the basic equation is: 

x xX x, . 

Leg eee OF (1) 
Zys sees Zn being the operator impedances of the main TIN. By choosing in dif- . 
ferent manners the ‘main TIN, it is possible to obtain the corresponding reversi- 4 
ble solving elements; ‘fr instance, the choice of Z, = Ry, Zo = Ro ina two- 
-pole amplifier (n = 2) permits obtaining a reversible multiplier-divisor for 
which: : ; 


eee ce eee enemas 


XL xe Salted . : 
+573 0. ; (2) 


The formula giving’ the output voltage is: . 


ow (2+3) ae (5) 
By . : 
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24° being the i*th pole-to-ground impedance. The author describes next some ap-.: . 


: 
& 


i 
a 


plications of the reversible amplifiers. He deals first with a reversible line- oe 
ar converter consisting of m reversible operational amplifiers parallel-connect- | 


ed with respect to the exterior poles to which can be applied n-m voltages and 
obtained m voltages; he proves that the operation of this "parallel action" 

converter’ is stable when n-m voltages are applied to any of the poles. The op- 
‘eration of the "series-action" reversible linear converter, obtained by replac- 


ing the amplifiers Ays +++, Aq by memory vathode-followers and using one bal-- 
ancing amplifier, is next described. The application of the reversible convert-~ | 


ers in the following problem is examined: simulation of linear algebraic ob- © 


Jects; design of an electric model for the solution of linear planning problems; | 


solution of differential equations. There are 10 figures. 
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TOPIC TAGS: analog computer, linear algebraic transformation, matrix algebra, 
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'; ABSTRACT: An analog computer is proposed for the transformation of an n - 


-' Aimensional vector y into an m - dimensional vector x (m can be greeter or less 
_ than n), corresponding to the system of equations Ax + By = 0, where A is a 
_ non-singular mm matrix and B is an mx matrix. The elements of A and B are 
' simulated by ohmic conductors such that the conductance aij (or bij) is pro- 
portional to the element aij (bij). The vectors x and y are simulated by elec- 
trical voltages. Memory function is provided by capacitors. ; 
It is proved that the process of the transformation of the vectors for any . 
matrix A will be convergent. Orig. art. has 8 numbered equations and 2 block 


diagrams. 
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PUR2OSE AND COVERAGE: This book discusses certain problema in the theory of 90} os | 
continuous action mathematical machines and their. use as computer and control — : 
installations. The book is intended for a broad audience of researchers, 


engineé:'s, students and graduate studerte interested in mathematical machines. | 
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- ABSTRACT: The author considers a method for synthesizing 2 a control 
system for an object described by an equation 


x = 0 (F, YX), a 
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where 9, -- operator determining the connection between the. vector ba 
of the controlling quantities; .the vector X of the obtained quanti-» - 
ties, and the vector F whose components constitute the external dis- .— 
turbances. It is assumed that the control problem consists of find- —- 
“ing a vector ¥ such that X satisfies the condition A OE a 


e=gt m 8  @ 


where 9. is an operator defining- the connection between some specified | 
vector H, the vector X, and the vector representing the error ¢, . gf 
_ which does not exceed a certain definite value m. The method em- 
ployed, which is called by the author. the. method of inverse operators,.. 
‘consists in constructing the control system.in the form of an aggre- ate 
gate of units that realize transformations that are inverse to those 
performed on the corresponding variables in the object and in a unit 
‘that serves as the mathematical analog of the constraints (2)- This 
‘method was described by the author in several papers, starting with 
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‘sible models can be constructed for both the ‘object equations (1) 

‘and for the constraints (2). The- operating principle of the system, 
which is shown schematically in Fig. 1 of: the enclosure, ‘is. described 
briefly. Orig. art. has: 3 figures. and 11° formulas. ee 
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TOPIC TAGS: electronic model, reversible electronic model, automation, com- 
| puter ae 
' ABSTRACT: The usual electronic modeling arrangements are s irreversible, 

| that is, the poles of these models are differentiated as input and output. If, for 
: example, in the model of the equation a + x= f(t), the input pole is fed the 


_ yoltage which corresponds to the function f(t), the voltage x(t) will be obtained at 
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| the second pole with x(t), because of.the irreversibility. Thus, in these models, , 


' the transformation of the information flux can go only in one direction. The pre-. :- 
| Sent paper describes methods for construction of models in which the information: 

| Can be transformed in any direction. In these reversible and quasireversible mo- - 
; dels, the external poles are equivalent. This can be accomplished in reversible | 
| models without commutations, in the quasireversible ones it is achieved with sim: 


, ple switching arrangements. ‘Orig. art. has: 12 figures and 37 equations. =| 
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TOPIC TAGS: ‘iaration; differential equation, boundary value problem, ordinary 
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ABSTRACT: The paper describes the analog: computer iver 1," and illustrates its 
application to solving systems of linear differential - equations of the first order of the — 
form aX : . ne 
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_ where X, Xi, Xo are vector functions of time, A is a matrix function of time, SF iare - 0 
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. (3), are permitted. There are 17 operational amplifiers. The boundary conditions can’. 

_ be specified to within 3%. An example of the use of "Iterator-1" to solve a problem on 
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ABSTRACT: Methods for the simplification of algebraic transforver circuits i 
of continuous voltages are considered. Numerically controlled conductances 
are applied in the methods in question. Absolute convergence for the trans= { 
formation process is provene The problem is to obtain a device for transforming 

an n-G@imensional vector y into an m-dirensional vector x with linear it 
‘4mitations Ax + By = 0. The iteration process of Seidel is realized in the oa 
transformer, which should always mnverge when limitations are placed on oe 
matrix. ‘The methods of simplification of transformers can be simplified even | 
more af matrices A and B contain a large number of zeros. Z - oh 
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- ABSTRACT: A design of a d-c analog computer utilizing linear and =~. 

nonlinear capacitors is proposed... Operation is based onthe ability 
-of the capacitors to serve as memory elements.|y(The advantage of —. 
yvcapecitive computers and devices consists in their simplicity and =: 

\W" Tow power consumption. Practical utilization depends .to.a consider- 
bbe bxtent on the quality of the switching elements, which must ex- 
hibit low conductivity in the open position. Orig. art. has: 1.fig-' 
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| TITLE: Theory and application of a method of electric ‘circuit control 


- | SOURCE: Kibernetika, no. 1, 1965, 83-91 
| TOPIC TAGS: electric circuit control, zero potential point, parametric circuit control, — - 
| control theory, voltage equilizer, voltage inverter, analog computer Raga, 

ABSTRACT: During the design and use of various measuring, computing, and ieee de- - 

vices containing electronic circuits as elements, one must often choose control inter-  — 

~T actions in such a way that the potential becomes zero at definite points of the circuit. This 

, | article describes a particular method (which the author calls parametric), which is dis- 

| tinguished by the use of the circuit proper not only for the production of the error signals © 

but also for their transformation, aiming at a convergent control process. The voltages of © 
the control sources are chosen in such a way that they make the changes in current within ~ 
ihe sources caused by the introduction of variable ohmic or other conductances zero at. 

- | points which should be at zero potential, The article shows several illustrative examples ° 
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' PURPOSE AND COVERAGE: This book Ores deoteee present state and 

: development of Soviet analog compyter'(‘te hnology and its signifi- 
cance in various brances of Soviet science and national economy. 
Problems of the theory of analog computers and mathematical mod 
eling of systems described by partial differential equations and 
ordinary differential equations are discussed, Readers are famil= | 
farized with experience gained in operating modern computers. The | 
book contains articles by several well-known specialists in com- 
puter technology which are based on material from the First All- | 
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